Introduction
The typical interplanetary magnetic field (IMF) is directed on average about 45
• away from the solar wind velocity of 400 km/s near the Earth's orbit [e.g., Parker, 1958] . The radial IMF, when the IMF is aligned (parallel or antiparallel) with the solar wind velocity, is usually formed in the trailing region of an ICME (interplanetary coronal mass ejection) [e.g., Neugebauer and Goldstein, 1997; Watari et al., 2005] .
Quite few works have focused on the response of the ionosphere and thermosphere to radial IMF. Field-aligned currents (FACs) play an important role in the coupling processes of the electromagnetic energy between the solar wind, magnetosphere, and ionosphere. It has been long recognized that the characteristics of large-scale FACs are controlled by solar wind and IMF conditions [e.g., Feldshtein and Levitin, 1986; Lu et al., 1995a; Stauning, 2002; Wang et al., 2005; Nenovski, 2009; Green et al., 2009; Juusola et al., 2009; Gjerloev et al., 2011; Li et al., 2011] . Various models of FACs have been constructed under various IMF and solar wind conditions [e.g., Weimer, 2001; Papitashvili and Rich, 2002; He et al., 2012] .
There were mainly four types of FACs revealed in the past, e.g., Region 1 (R1), Region 2 (R2), northward IMF B z (NBZ), and IMF B y modulated (DPY) FACs [e.g., Iijima and Potemra, 1976; Iijima et al., 1984; Potemra et al., 1987] . R1 FACs flow into the ionosphere in the morning sector and out of the ionosphere in the evening sector, and R2 FACs are located equatorward of the R1 FACs with opposite polarities. When IMF B z is pointing northward, NBZ FACs dominate in the polar cap poleward of R1 FACs [Iijima et al., 1984] . The NBZ FACs have been interpreted in terms of the antiparallel reconnection on field lines tailward of the dayside cusp [e.g. , Crooker, 1988; Iijima et al., 1984; Wang et al., 2008a] . When IMF B y becomes dominant DPY FACs form around the noon sector [e.g., Iijima and Potemra, 1976; Wilhjelm et al., 1978; Clauer and Friis-Christensen, 1988] . When B y is positive, in the Northern Hemisphere the upward field-aligned current is located poleward of the downward current, and vice versa in the Southern Hemisphere. The poleward part of DPY currents could be associated with the plasma mantle/cusp precipitation, while the equatorward part is an intrusion of dawnside (B y > 0) or duskside (B y < 0) R1 currents [e.g., McDiarmid et al., 1979; Friis-Christensen et al., 1985; Erlandson et al., 1988; Wing et al., 2010] , or some (even all) of the equatorward parts originate from the cusp/mantle region [e.g., Taguchi et al., 1993; Mei et al., 1994; Yamauchi et al., 1993; Xu and Kivelson, 1994; Watanabe et al., 1996; Haraguchi et al., 2004; Wang et al., 2008a] .
The high-latitude ionospheric convection pattern strongly depends on the orientation of IMF [Heelis et al., 1984, and references therein] . Normally, for southward IMF two-cell convection flow pattern exists, while for northward IMF four-cell flow pattern emerges due to high-latitude reconnection. IMF B y will distort the convection map and cause dawn-dusk and interhemispheric asymmetries. The location of the auroral oval and its activity have been found to strongly depend on the IMF configuration [Holzworth and Meng, 1975, and references therein] . Shue et al. [2002] have found that the north auroral power is higher when all IMF components are negative. Yang et al. [2013] have concluded that the dayside aurora are brighter for B x < 0 than for B x > 0 during southward IMF, while nightside aurora brightness is less dependent on IMF B x , and the duskside auroral brightness for northward IMF is not so much brighter for B x < 0 than for B x > 0. The thermospheric air density is important in understanding the thermosphere-ionosphere coupling process. The dynamics of the high-latitude thermosphere is greatly affected by the energy input from the solar wind via Joule heating and particle precipitation [Lühr et al., 2004; Strangeway et al., 2005 , and references therein].
Few works have concentrated on the configuration of FACs, ionospheric convection, aurora activity, and thermospheric neutral mass density in response to radial IMF. In the present work we aim to investigate the event on 19 May 2002, which is featured as a long period with steady solar wind and radial IMF, with special attention to the responses of both the ionosphere and thermosphere. In the following section we briefly describe the method of data processing. Section 3 describes the observational results. In the discussion section we compare results with previous reports and offer explanations.
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Data Sets
CHAMP Orbit and Observation
CHAMP has a near-polar (83.7
• inclination) orbit with an initial altitude of ∼450 km [Reigber et al., 2002] , where 0 is the vacuum permeability, B x and B y are the transverse magnetic field deflections caused by the currents. We have assumed that FACs are infinite sheets aligned with the mean location of the auroral oval . Since we do not have multipoint measurements, we convert spatial gradients into temporal variations by considering the velocity under the assumption of the stationary of the current during the time of satellite passage. After discrete sampling is introduced [Lühr et al., 1996] , we obtain j z = 
Δt
, where v x is the velocity perpendicular to the current sheet and B y is the magnetic deflection component parallel to the sheet.
CHAMP has a STAR (Space Three-axis Accelerometer for Research) mission accelerometer on board, from which the thermospheric mass density can be derived by using a new algorithm [Doornbos et al., 2010] . The air density has been normalized to an altitude of 400 km. The accuracy of the air density measurement has been improved over previous work to about 5 × 10 −14 kg/m 3 . Only those CHAMP passes are selected for analysis where the angle between the orbital track and the auroral oval is greater than 45
Journal of Geophysical
• . This is to guarantee that the CHAMP cross-track direction is approximately aligned with the auroral oval. The data are all presented in the Apex magnetic coordinate system [e.g., Richmond, 1995] .
DMSP Orbit and Observation
The DMSP orbital period is approximately 100 min, and the altitude is ∼835 km. The satellites have fixed local times with F13 in the near dawn-dusk sector and F15 in the dayside-nightside (09-22 MLT) local time sector. The ion drift meter (IDM) can provide ion drift velocities in both horizontal and vertical directions perpendicular to the satellite orbit [Rich and Hairston, 1994] . The along-track potential, Φ, can be derived as
where ⃗ V is the cross-track plasma velocity, ⃗ B is the geomagnetic field, x is the component along the satellite path, z is radially away from the center of the Earth. The International Geomagnetic Reference Field magnetic field model is used as the ⃗ B field. The average energy flux of electrons and ions in the range of 30 eV to 30 keV are monitored by the DMSP electron spectrometer Special Sensor Precipitating Electron and Ion Spectrometer (SSJ/4) instruments [Hardy et al., 1984] . We use an empirical relationship between the average electron energy flux and the height-integrated ionospheric conductivity [Robinson et al., 1987] to determine the poleward boundary of the auroral region. For that we first calculate the auroral Pedersen conductance along the DMSP path and find the peak in conductance, then stepping poleward until the conductance is reduced to 0.2 times the peak value. A similar method has been used to determine the equatorward boundary of the auroral oval [e.g., Wang et al., 2008b] .
AMIE-Derived CPCP Data
The Assimilative Mapping of Ionospheric Electrodynamics (AMIE) technique is used extensively in the scientific community, which has been employed to predict the high-latitude cross polar cap potential (CPCP) at 1 min resolution, which is the total potential difference (maximum potential minus minimum potential). The global magnetometer data, the available IMF, solar wind, HPI (hemispheric power index), F 10.7 , and DST data are used as inputs into the AMIE model [Ridley et al., 2004] . The advantages of AMIE are stated by comparing AMIE to other models [Ridley, 2005] . Figure 1 , where B T is the magnitude of the magnetic field. When IMF is purely directed to the Sun (Earth), the cone angle reaches a value of 0
Observations
Solar Wind and IMF
• (180 • ). In Figure 1 (right) we can see the solar wind velocity, v sw , density, N p , dynamic pressure, P d , and merging electric field,
, where the clock angle, , is the angle of the IMF in the GSM y-z plane with respect to the +z direction [Kan and Lee, 1979] .
There is a southward turning of the IMF B z at ∼ 3.5 UT (universal time) with a minimum value of −10.9 nT around 5 UT. B z turns northward around 10 UT and has an average value of 2.7 nT. The duskward B y has an average magnitude of 1.7 nT after 10 UT. The negative B x component approaches a minimum of about −16 nT around 4-6 UT and changes to an average value of −8.8 nT in the remaining hours. It is apparent that the B x component is dominant after 10 UT with a cone angle of about 160
Mach number is 4.3 during the dominant radial IMF period, which is smaller than the nominal value of 8 (not shown in the figure) . The dynamic pressure drops around 4.5 UT due to the decrease of the solar wind density. After 4.5 UT the dynamic pressure has no obvious variations and stays at a constant value of about 1 nPa. The merging electric field attains a peak around 4.5 UT. The interesting period of the quasi-radial IMF interval lasts for about 10 h from 10 to 20 UT.
The diurnal variations of geomagnetic indices are shown for reference in Figure 2 . The DST index approaches a minimum value of −59 nT at 7 UT, recovers gradually to −40 nT after 10 UT. The weak storm occurs apparently after a southward turning of the IMF (see Figure 1) . The AE index attains peaks of about 700 nT between 6 and 8 UT and remains at a value 100 nT after 10 UT. Aside from a long recovery of DST from the early activity (−59 nT), the geomagnetic indices show steady and low-level activity. Thus, it can be said that the geomagnetic activity is at low levels during the interval of radial IMF. 
AMIE and DMSP CPCP
The diurnal variation of CPCP predicted by AMIE and derived from DMSP measurements in both hemispheres are shown in Figure 3 . It can be seen that the modeled CPCP drops to 20 kV around 10 UT. The observed southern storm time CPCP peak is larger and recovers at a later time than in the north. The CPCP value decreases to 10 kV around 11 (13.5) UT in the Northern (Southern) Hemisphere. Figure 4 shows the color-coded distribution of FAC density as a function of MLAT (magnetic latitude) versus UT, as observed by CHAMP satellite. Separate frames are used for the dayside and nightside in both hemispheres. White areas represent uncovered areas. Downward FACs are shown in blue and upward in red. FACs densities get enhanced during the storm period, and the equatorward and poleward shifts of intense FACs are well correlated with the storm expansion and recovery periods, which is more obvious on the dayside than on the nightside. These storm time characteristics of FACs have been reported previously [e.g., Bythrow et al., 1984; Fujii et al., 1992; Anderson et al., 2002; Wang et al., 2006] .
CHAMP FACs
When looking at the FACs density during the radial IMF period from 10 to 20 UT, there are obvious dayside-nightside differences in the Northern Hemisphere. On the nightside the intense FACs occur only during the storm periods, then decrease during the storm recovery phase. During the period of radial IMF, FACs intensity becomes quite weak. However, on the dayside an intense two-sheet FACs configuration emerges (downward in the poleward and upward in the equatorward) during the radial IMF period with the centers shifting poleward. This pair of FACs has an opposite direction to DPY FACs for duskward IMF, and IMF B y is quite weak for this case. In the Southern Hemisphere both the dayside and nightside FACs become weak during the radial IMF period.
The peak current densities of both upward and downward FACs are shown in Figure 5 as a function of UT. It is obvious in the Northern Hemisphere, on the dayside both the upward and downward FACs are strong from 10 to 20 UT with magnitudes of around 1 μA/m 2 , which are quite comparable to the early storm time strength, while on the nightside FACs drop in magnitude to about 0.2 μA/m 2 around 10 UT. In the Southern Hemisphere on the day and nightside, FACs become weak with values of about 0.1 μA/m 2 around 10 UT.
Neutral Air Density
According to previous work [Lühr et al., 2004] , intense cusp FACs can dump energy into the thermosphere, and cause the upwelling of neutral air. Thus, it might be interesting to examine the spatial and temporal variation of the accompanying air density, which is shown in Figure 6 in the same format as Figure 4 . The air density is generally larger on the dayside than on the nightside in both hemispheres. It is interesting to see that there are two periods showing enhanced air densities, one during the storm period with a peak value of about 7 × 10 −12 kg/m 3 and the other during the radial IMF period with a peak value of about 6 × 10 −12 kg/m 3 around 12 UT. In the Southern Hemisphere we find enhanced air density only during the storm main phase on the dayside, while on the nightside the air density is generally quite low for the whole day.
Plasma Flow
Ionospheric plasma convection observed by DMSP F13 in the dawn-dusk sector is shown in Figure 7 . Positive (red color) denotes sunward flows. Overplotted is the derived poleward boundary of the auroral oval from the SSJ4 particle data, as denoted by black circles. The hollow circle is for F13 and the solid for F15. Due to data missing the oval boundaries are not continuous. In general, there are two cells of plasma flow, with sunward flow (positive value) in both the auroral zones, and antisunward flow (negative value) in the polar cap. Interestingly, in the northern polar cap there are weak sunward flows (positive value) occurring at higher latitudes near the north pole after 10 UT when the IMF is weakly northward. No such features appear in the southern polar cap. The high-latitude sunward flow reaches a maximum of about 700 m/s around 12 UT when looking closely at single orbit segments.
Auroral Observations
The Thermosphere Ionosphere Mesosphere Energetics Dynamics (TIMED) satellite is in a circular orbit with 71.4
• inclination and a period of 1.7 h at an altitude of 625 km. Global Ultraviolet Imager (GUVI) on board of TIMED provides accumulated aurora observations over about 20 min. It scans aurora images in a relatively narrow sector as compared to the IMAGE satellite, on the day of our event mainly in the Northern Hemisphere duskside and Southern dawnside from 0323 to 0726 UT. The IMAGE satellite is in a highly eccentric polar orbit of 1000 × 45,600 km altitude. The WIC (Wideband Imaging Camera) on board IMAGE provides observations of the northern aurora at wavelengths of 140-180 nm on a global scale with a spatial resolution of 50 km and a temporal resolution of 2 min. The satellite goes through perigee between 1000 and 1400 UT, and the instrument is turned off. Toward the end the view get smaller as the spacecraft gets closer to Earth and one can not see the whole oval anymore. the observations is the Apex coordinate system. A weak northern transpolar auroral arc detached from the premidnight aurora is captured at 03:23 UT by GUVI as shown in Figure 8 (top left). This arc becomes more intense when the geomagnetic storm begins, as shown in Figure 8 (bottom left). No transpolar arcs appear in the morning sector of the southern auroral region. GUVI has narrow view of north aurora after 08:14 UT. The observed south aurora is quite weak on 18:42 UT, as shown in Figure 8d .
As observed by IMAGE in Figure 9a the storm time arc structure is mainly confined to the premidnight sector aligned with the oval before 09:00 UT. Afterward the arcs approach the postnoon cusp region (Figures 9b  and 9c ). After 14:15 UT when IMAGE is turned on again, the aurora becomes rather dim in response to the radial IMF orientation except for the afternoon, where a bright spot of aurora can be noticed, which tends to expand toward the dusk sector (Figure 9d ).
In the interval of interest of the radial IMF, there are bright aurora in the northern noontime from IMAGE observations, while the aurora are rather dim in the south pole from GUVI observations, which seems to be consistent with previous finding that IMF B x < 0 favors more aurora activity in the noontime [Yang et al., 2013] .
Discussion
We have presented the spatial and temporal variation of ionospheric and thermospheric parameters during radial IMF periods. Interhemispheric and dayside-nightside differences have been shown. In the northern cusp region, pairs of noontime FACs remain as strong as those during the preceding storm time, but they become rather weak in the south. The nigthtime FACs turn weak in both hemispheres. A sunward plasma flow channel persists in the north polar cap, which disappears in the south. The aurora is bright in the northern cusp region, but rather weak in the south. There are enhanced air densities in the northern cusp, but not in the south. All these observations indicate that there are prevailing energy inputs from the magnetosphere to both the ionosphere and thermosphere in the northern cusp region during the radial IMF period, despite the geomagnetic activities are at low levels.
Sunward Convection
To get a better understanding of the processes occurring in the polar region, successive CHAMP and DMSP orbits from 10 to 20 UT (radial IMF period) have been used to produce the polar view plots for both FACs and plasma flows. Due to the larger separation between the magnetic and geographic poles in the south the satellites cover a wider MLT region in the southern pole region. To support DMSP observations, Figure 11 shows the northern polar map of ionospheric potential calculated from AMIE in the MLAT and MLT coordinate system, with noon to the top and dusk to the left. The maximum and minimum potentials are shown in the bottom. Contours of constant potential are given in black, with red for positive and blue for negative potential. It is interesting to see that there is a large positive potential emerging in the polar cap around 11:00 UT, indicating an enhanced counterclockwise rotating plasma flow, which is consistent with the DMSP observation that there are obvious sunward flows near the noon-midnight meridian. This positive potential (sunward flow) persists during the whole radial IMF period, as confirmed by AMIE results. Hietala et al. [2012] have reported that during radial IMF period there are ionospheric sunward jets in the cusp region and associated them with the magnetosheath jets. They have argued that the high dynamic pressure jets in the magnetopause might trigger reconnection events, thus resulting in the ionospheric sunward flows. However, the ionospheric flows reported by them are quite short lived (5 min) and localized, while the sunward flows in the present study last for the whole radial IMF period. The long-lived sunward flow might indicate that there are permanent magnetic reconnections occurring poleward of the polar cusp region, e.g., in the magnetospheric flank. The reconnected field lines then move sunward to the dayside magnetosphere. The lack of effect in the south indicates that the reconnection prefers to occur in the north. According to the antiparallel reconnection paradigm [Dungey, 1963] , the earthward directed IMF is in opposite direction to the geomagnetic field poleward of the northern cusp region while in the same direction in the southern cusp region. The north-south asymmetry in the lobe reconnection due to IMF has been discussed in previous works [e.g., Crooker, 1979; Cowley, 1981; Reiff and Burch, 1985] . Recent model work has shown that when IMF is purely sunward directed, magnetic reconnection can happen at high latitudes in the southern magnetospheric flanks [e.g., Tang et al., 2013] . Interestingly, large upflows are also observed in the cusp region, as shown in Figure 10 (bottom) .
Previous studies from observations and models have shown that smaller Mach Number solar wind is favorable for magnetic reconnection at high latitudes, which allows sunward convection on open field lines in the magnetosphere, as the Lorentz force, J × B, caused by near cusp or flank reconnection can in these cases significantly exceed the magnetosheath dynamic pressure [e.g., Cassak, 2011; Lavraud and Borovsky, 2008; Wilder et al., 2013; Eriksson and Rastätter, 2013] . The Mach Number in our case is relatively low attaining mean values of 4.3 during the radial-dominated period which is favorable for the magnetic reconnection processes to occur.
FACs and Air Density
When looking at the FACs distribution in the Northern Hemisphere as shown in Figure 12 , it can be seen that FAC pairs persist in the polar cusp region, with the downward FACs toward the pole and upward FACs at lower latitude. When examining Figures 10 and 12 , it can be noticed that the sunward convection coincides with the FAC region.
The lack of strong FACs and sunward convection flow in the southern polar region confirms the interhemispheric independent response of the high-latitude electrodynamics, and in our case a Northern Hemispheric preference of the high-latitude reconnection process. FACs density may also be affected by the conductivity differences due to solar illumination. The increase in the ionospheric conductivity will enhance the FACs density around noon [e.g., Fujii and Iijima, 1987; Russell and Fleishman, 2002; Cattell et al., 2003; Wang et al., 2005] . During 10-20 UT, the northern cusp is fully in sunlight, while the southern cusp is partly in sunlight. According to our previous statistical study of the dependence of FACs on the solar illumination during quiet period , the noontime FACs density in sunlight can be on average 1 μA/m 2 , while in darkness they can be around 0.5 μA/m 2 [see Wang et al., 2005, Figure 10 ). However, in the present study, FACs in the southern cusp region drops to 0.1 μA/m 2 on average, which can not be only attributed to the solar illumination effect. The lack of lobe reconnection in the southern magnetospheric flank region could play an important role in causing the low density of FACs.
The air density variation after subtraction of the background is shown in Figure 12 in the MLT-MLAT coordinates for the period from 10 to 20 UT. We find enhanced air densities near the northern cusp region. Previous works have disclosed that during large IMF B y the upwelling of the neutral gas can occur in the cusp region accompanied by intense FACs, which originate from the reconnection process on the high-latitude magnetospheric flanks [e.g., Lühr et al., 2004; Eriksson et al., 2009; Crowley et al., 2010; Knipp et al., 2011; Li et al., 2011; Wilder et al., 2013; Kervalishvili and Lühr, 2014] . The present work has shown that upwelling of neutral air associated with enhanced FACs can also occur during periods of strong radial IMF.
The intense FACs and the associated ionospheric current system in the dayside cusp region can cause locally WANG ET AL.
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Figure 12.
FACs and air density differences after subtraction of the background density along successive polar CHAMP orbits in the Northern Hemisphere during the radial IMF period from 10 to 20 UT. The poleward boundary of the auroral oval has been overplotted for reference, as denoted by black asterisk.
Joule heatings at lower altitude, and the warm air is upwelling resulting in a density enhancement at 400 km and above. Strong plasma upflow coincides with the cusp FACs, which might result from the interaction of the ion-neutral frictional heating (See Figure 10 ). Joule heating [e.g. Lu et al., 1995b] . The energy carried by the downward Poynting flux might heat both the ionosphere and thermosphere though Joule heating. Although there are no electric field data from CHAMP, one can speculate that in between the strong FACs pair the electric field should direct toward equatorward (sunward), because the upward FACs close to the downward pair at poleward through Pedersen current. The transverse magnetic field deviations are mainly caused by FACs, which is westward directed. Therefore, the Poynting flux (E × B) should point downward into the ionosphere. The soft electron precipitations can deposit energy directly at F region through collisions [Fontheim et al., 1987] , and they can increase the ionization and conductivity to raise Joule heating at higher altitude [Carlson et al., 2012] . The polar MLT and MLAT distribution of the number and energy flux of precipitating electrons from DMSP F13 during 10-20 UT periods has been shown in Figure 13 . It is interesting to see that there are large number fluxes of precipitating electrons with low-energy fluxes in the cusp region, which might indicate that there are strong soft electron precipitations in the norther cusp region. In the present study we can not quantify the effects of different heating processes on the enhancement of the neutral mass density, but previous model work has investigated the relative importance of different heating mechanism theoretically [Deng et al., 2013] . They have found that both Poynting flux and soft electron precipitation are important in producing neutral 10.1002/2014JA019951 density enhancement near 400 km altitude and combined effects can cause more than 50% increased neutral density.
Although the geomagnetic activity indices (AE, DST, and CPCP) are found to be generally at low levels during periods of radial IMF [e.g., Farrugia et al., 2007; Shue et al., 2009; Farrugia et al., 2010] , the ionosphere and thermosphere in the cusp region are active in our case in the Northern Hemisphere. Obvious hemispheric and local time asymmetries have been disclosed.
Summary
In this study we have analyzed an interval on 19 May 2002 when there is a long period of strong radial IMF lasting for 10 h with a constant cone angle of about 160
• . We have used the high-resolution CHAMP FGM vector magnetic field data to investigate the characteristics of FACs. Plasma data from the DMSP F13 satellite have been used to investigate the associated plasma convection flow and upflow. Additionally, the temporal response of the thermospheric air density is investigated. The geomagnetic indices are at low levels with DST of about −40 nT and AE about 100 nT on average. The cross polar cap potential output by Assimilative Mapping of Ionospheric Electrodynamics and from DMSP observations are also weak, with an average value of 15-20 kV. However, obvious dayside-nightside and interhemispheric asymmetries have been disclosed in the ionospheric and thermospheric responses. In the southern polar region both FACs and air densities are generally weak, and the convection cells stay in the two-cell structure. The southern ionosphere and thermosphere remain calm. However, there are obvious activities in the northern cusp region. The cusp FACs keep strong in intensity after the preceding storm time. The sunward flows in excess of 700 m/s occur in the cusp region. An aurora spot is observed in the northern cusp region while not in the south. These ionospheric features might be manifestations of magnetic merging occurring only in the poleward region of the northern cusp. These may form during earthward radial IMF conditions in connection with the geomagnetic field orientation on the flanks, satisfying the antiparallel merging paradigm. The upwelling of neutral gas related to the enhanced FAC pairs occur in the cusp region, which subsequently propagate equatorward on the dayside. The present study demonstrates that there can be significant energy deposition in the cusp region from the magnetosphere into the ionosphere and thermosphere during radial IMF periods. The operational support of the CHAMP mission by the German Aerospace Center (DLR) and the financial support for the data processing by the Federal Ministry of Education (BMBF), as part of the Geotechnology Programme, are gratefully acknowledged. We thank the Center for Space Sciences at the University of Texas at Dallas and the US Air Force for providing the DMSP IDM plasma data and the Space Physics Interactive Data Resource (SPIDR) for providing the DMSP SSJ/4 data. The WDC C2 for Geomagnetism at Kyoto are greatly acknowledged for providing the geomagnetic indices data. This work is supported by the National Nature Science Foundation of China (40974096 and 41222030), Program for Young Top Talents by the Organization Department of China, Program for New Century Excellent Talents in University by the Ministry of Education, and the Specialized Research Fund for State Key Laboratories. The work of JS and GP was partially supported by grant NSC-102-2111-M-008-017 to National Central University.
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